Fh0 - 0F

4.5 PSP Cover Sheet {Attach 10 the front of each proposal)

) Fish Treadmill-Developed Fish Screen Criteria for. Native
Proposal Title: Sacramento-San Joaquin Watersned Fishes
Applicant Name: Joseph J. Cech, Jr. :
Mailing Address; Wreaiile, Pish, & Conservation Biology, University of Califor

" Telephone: {530) 752-3103 Davis, CA 95616
Fax: {530y 752-4154 - .
Email: digechlucdayis. adn

. Amount of funding requested: § 1,036,821 for _13.5 w#¥ months

Indicate the Topic for which you are applying (check only one box).

38X Fish Passage/Fish Screens o Introduced Species
O  Habitat Restoration o Fish Management/Hatchery
o Local Watershed Stewardship D Environmental Education

O  Water Quality

Daes the proposal address a specified Focused Action? xx  yes no

Whal county or countics is the project lacated in? _ ¥olo .

Indicate the geographic zrea of your propasal {check only ane box):

1 Sacramento River Mainstem _ O East Side Trib: ___

O Sacramento Trib: © Suisun Marsh and Bay

O San Joaguin River Mainstem 2 North Bay/South Bay:

O San Joaguin Trib: __ ¥ Landscape (entire Baychlta watershed)
Q Delta;__ O Other:

Indicate the primary species which the proposal addresses {(check all that apply):

O San Joaquin and East-side Detta tributaries fatl-run chinook salmon

O Winter-run chinook salmon O Spring-run chinook salmon

o ' Late-fall run chinook salmon @  Fall-run chincok salmon
X¥ Delta smelt O Longfin smelt
¥ Splittail ‘ @ Steelhead trout

T Green sturgeon O  Striped bass

0O Migratory birds XEX  All chinook species

0. Other: a Al anadromous salmonids

Specify the ERP strategic objective and target (s) that the project addresses. Include page
numbers from January 1999 version of ERP Volume | and II:
Vol. 2, p. 428-429, Vol. 1, p. 110

42

| 013165
1013165



Indicate the type of applicant (check only one box):

O State agency O  Federal agency
"o Public/Non-profit joint venture 0 Non-profit

O Local government/district - 0 Private party
XL University o  Other:

Indicate the type of project {check only one box):

O Planning O  Implementation

0O Monitorng ' 0  Education

XM Research

By signing below, the applicant declares the following:
1.) The truthfulngss of all represgntations in their proposal;

2.} The individual signing the form is entitled to submit the application on behalf of the
applicant (if the applicant is an entity or organization); and

3.) TFhe person submitting the application has read and understoed the conflict of interest and
confidentiality discussion in the PSP (Section 2.4) and waives any and all rights to privacy
and gonfidentiality of the proposal on behalf of the applicant, to the extent as provided in the
Section. '

Joseph J. Cech, Jr.

Printed name of applicant

(\(M& (\.C”k« Da

Signature of applicant

-013166



UNIVERSITY OF CALIFORNIA, DAVIS

BERXELEY * DAVIS * IRVINE + L.OS ANGELES * RIVERSIDE * SAN DIECO * SAN FRANCISCO SANTA BARBARA = SANTA CRUZ

smdowdy@ucdavis.edu 410 Mrak Hall, One Shields Avenue
OFIICE OF THE VICE CHANCELLOR FOR RESEARCH . DAVIS, CALIFORMIA  95616-8671
{530) 7522075 .

FAX. (530) 752-5432

April 14, 1999

CALFED Bay-Delta Program Office
1418 Ninth Street, Suite 1155
Sacramento, CA 95814

Proposal Title: "Fish Treadmill-Developed Fish Screen Criteria for Nafive
Sacramento-San Joaquin Watershed Fishes”
Principal Investigator — Joseph J. Cech, Jr.

Dear Colleague:
It is a pleasure to present for your consideration the referenced proposal.

It is our understanding that for purposes of determining applicant category, The Regents will be classified
as “State” thereby resulting awards will only include the terms identified in Attachment D of the 1999
Praposal Solicitation Package as “Terms and Conditions for State (CALFED) Funds” and “Standard
Clauses-Interagency Agreements”.

The University takes exception to clauses pertaining to Substitution, Rights in Data and Indemnificaiion
as detailed in Attachment D. On behalf of The Regents of the University of California, we hereby reserve
the right to negotiate said clanses as detailed in the Proposal Solicitation Package should this proposal
result in a subsequent award.

Please call on the principal inv’estigator for scientific information. Administrative questions may be
directed to mie or to Petrina Ho by telephone, facsimile or electronic mail at the numbers specified abave.
" We request that correspondence pertaining to this proposal and a subsequent award be sent to the Office
of Research and (o the principal investigator. ’ :
Sincerely, : .
andra M. Dowdy .

Contracts & Grants Analyst

Enclosures

| —013167
1-013167



Mame  CALFED Bay-Delta Program Office
Address 1416 Ninth Street, Suite 1155
Sacramento, CA 958814

THE REGENTS OF THE UNIVERSITY OF CALIFORNIA
UNILVERSITY OF CALTFORNIA

ONE SHIELDS AVENUE

DAVIS, CALTFORNIA 95616

Tille of Proposed Restarel [isiy Treadmi11-Developed Fish Screen Criteria for Native

Sacramento-San Joaquin Hatershed Fishes

Total Amount Requested: Proposed Duration: Desired Starting Date:
t823,000 / $1,036,821 13.5 months 8-16-99

P 0] -mlI .Mmt/ - )

Joseph 'J, Cech, Jr. Wildlife, Fish, & Cons. Biology (530) 752-3103
M, Levent Kavvas Civil & Environ. Engineering {530) 752-2518

ﬁo%era Eggimgéa ‘ Cal. Dept. Fish & Game - {209)-948-7097
The Regents of the University of California
Send Checks to:
- CASHIER'S OFFICE
UNIVERSITY OF CALIFORNIA

“ONE SHIELDS AVENUE
DAVIS, CA 95616

Send Award Notice to:
OFFICE OF RESEARCH .
UNIVERSITY OF CALIFORNIA
ONE SHIELDS AVENUE

DAVIS, CA 95616
(530) 752-2075

Otk UL 0 4399

Princigial Investigator D Co-Investigator
S M ¥-~/3-79
Co-Investigator Date Department Chair '
Dean, College/School
ALt }/ A’E Gar
Pticial Si Ening for ization
PR:/kirkman.frm/proposal
Il —013168

-013168



L TITLE PAGE

Title of Project: FISH TREADMILL-DEVELOPED FISH SCREEN CRITERIA FOR
NATIVE SACRAMENTO-SAN JOAQUIN WATERSHED FISHES

Principal Investigator: Joseph I. Cech, Jr. :
: ’ Department of Wildlife, Fish, and Conservation Biology
University of California, Davis
{530) 752-3103, FAX (530) 7524154, email: jjcech(@ucdavis.edu

Co-Principal Investigator: M. Levent Kavvas
' Department of Civil and Environmental Engineering
University of California, Davis

Fype of Organization and Tax Status:  State assisted public research and
: educational institution

Tax Identification Number: 94-603-6494

I —013169

-013169
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FISH TREADMILL-DEVELOPED FISH SCREEN CRITERIA FOR NATIVE |
SACRAMENTO-SAN JOAQUIN WATERSHED FISHES

II. EXECUTIVE SUMMARY

The Fish Treadmill Project is an ongoing, multi-agency research effort to quantitatively
evaluate the performance and behavior of small Delta and upstream fishes in multi-vecior flows
ncar {ish screens [or the purpose of developing fish screen design, flow, and operationat criteria
that reduce adverse impacts of water diversions on these species. This proposal requests fumding
from CALFED to continue the project for a period of 13.5 months (August 16, 1999-September
30, 2000) in order to complete ongoing experiments with delta smelt, splittail and chinook .
salmon, and to conduet experiments with steelhead trout and other priority specics.

Installation of fish screens and improvements to existing fish screen facilities have been
identitied by CALFED as activities that provide direct benefits to fish resources, habitats, and
ecosystem processes by reducing stressors associated with water diversions (ERPP, Vol 1, p.
425). However, prescnt fish sereen criteria are based on limited data from (usually) unrealistic
flume studies with salmonids and non-native fishes (e.g., the delta smelt criterion is based on data
from American shad). For many native fishes of the Sacramento-San Joaquin system, including
listed species like delta smelt and splittail, these criteria may be inadequate and confer no
protection from entrainment and impingement, or overly protective and thus unnecessarily costly
to water diverters. The Fish Treadmill project was specifically proposed and designed by
cooperative, multi-agency partners to address these information gaps for priority native fishes and
to provide timely, relevant, and comprehensive data that could be applied to design, operate, and
adaptively manage screened water diversions that more eﬂ'ectlvely protect Sacramento-San
Joaquin watershed fish resources.

The Fish Treadmill is a large circular flume equipped with a fish screen, uniquely capable
of testing small, delicate fishes like delta smelt in a wide range of independently controlled
approach and sweeping velocities. The apparatus is operational, calibrated for a wide range of
flows, and staffed with highly qualified personnel. The biclogical study plan and quality
control/assurance plan, developed through rigorous multi-agency discussion, review and pilot
studies, have been approved by the existing contract Quality Assurance Officer (K. Bates,
consuitant to DWR) and members of the quarterly review punel (DWR, DFG, NMFS, USFWS),
Unlike field-based studies at large fish sereen facilities (e.g., Tracy Fish Facility). the Fish
Treadmill allows detailed, quantitative ohservations on fish performance (e.g., impingement,
survival, injury, stress) and behavior (e.g., swimming velocity, velocity past screen) under
controlled flow and environmental (e.g., temperature) conditions during the day (light conditions)
- and night (dark condilions). For each species, results of experiments will be applied to determine
aptimal screen flow conditions that minimize impingement, screen exposure duration, and
mortality. Comparisons among and between specics, size classes, environmental conditions, and
titne of day will provide data for development of adaptive managernent strategies for screened
water diversions.

The Fish Treadmill project is ongoing and presently funded exclusively by DWR. To date
(1.5 ycars into a planned three-year biological study programy), experiments have been conducted
wilth delta smelt (approximately 40% completc), splittail (approximaiely 80% complete), and
chinook salmon (approximately 70% complete). This proposal requests finding from CALFED

2
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for the remainder of the planned research program in order to complete these experiments and to
conduct experiments with steelhead trout and other priority species. The Fish Treadmill project
should be funded by CALFED for several reasons. It addresses a major siressor, water
diversions, and is specifically designed to produce the scientific information necessary for
CALFED to reduce the adverse impacts of the stressor by installation of protective fish screens.
Results of this project will pravide benefit to 11of the 14 Ecological Management Zones defined
by CALFED (most located in the Bay/Delta and mainstem rivers) and to virtually all of the
highest priority fish species (delta smelt, splittail, chinook salmon, steelhead trowt). For example,
in the Sacramento-San Joaquin Delta Ecological Management Zone, reduction of entrainment and .
impingement losses of fish at water diversions is identified as a target, with replacement/upgrades
of the SWP, CVP, and PG&E screens identified as specific programmatic actions (ERPP, Vol. 2,
p. 110). For protection of fishes like delta smelt and splittail, results of the ['ish Treadmill project
will be very useful in developing design and operational criteria for these new/upgraded fish
screens. By developing the data and technology to reduce water diversion impacts, the project
has links to other ecosystem elements and CALFED goals, including native species recovery and
conservation (CALFED Goal 1), improving recreational and commercial fisheries (CALFED Goal
3), and rehabilitation and protection of natural processes (CALFED Goal 2), successful
implementation of the CVPIA and of recovery measures for ESA listed species, and non-
ecosystem benefits like water supply reliability. Continuation and completion of the Fish
Treadmill project has multi-agency support, including CALFED (ERPP, Vol. 1, p. 428-429),
DWR, DFG, USBR, NMFS, and USFWS.

CALFED funding is requested to support the operation of the Fish Treadmill (UCD
Hydraulics Laboratory), implementation of the biological studies (UCD Fish Physiology Group),
and DFG assistance for fish collection and participation in the experiments. DWR has agreed to
share costs by providing funding to support one scientific aide for assistance with the biological
gstudies. Cost of the project depends on funding source: $823,000 if funded through a State
agency and $1,036,821 if funded through a federal agency. There are no adverse or third party
impacts of this project.

The principal investigator, Dr. Joseph I. Cech, Ir., is presently the co-principal investigator
for the ongoing Fish Treadmill biological studies.  All other stafl, including co-principal
investigator Dr. M. L. Kavvas (supervisor for Fish Treadmill o peration and hydraulic studies), and
co-investigators Drs. Christina Swanson and Paciencia S. Young (inanaging biologists for the Fish
Treadmill biological studies), Dr, Z. Q.Chen (managing engincer for Fish Treadmill operation and
hydraulic studies), and Robert Fujimura (DFG, interagency liaison and fish collection supervisor)
participated in the development of the Fish Treadmill project and are presently actively involved in
the program.
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1T, PROJECT DESCRIPTION
A. Proposed Scope of Work
1. Introductivn

The Fish Treadmill Project is an ongoing, multi-agency research effort to quantitatively
evaiuate the performance and behavior of small Delta and upstream fishes in multi-vector flows
near fish screens for the purpose of developing fish screen design and operational criteria that
improve fish protection and passage. This proposal requests funding from CALFED to continue
the project for a period of 13.5 months (August 16, 1999-September 30, 2000) in order to
complete ongoing experiments with delta smelt, splittail and chinook salmen, and to conduct
experiments with steelhead trout and other priority species.

2. Background

In the late 1970s, California Department of Fish and Game condueted pioneering studies to
investigate the performance of small fishes exposed to two-vector flows (i.e., an approach flow
through the screen and a sweeping flow past the screen) near a positive barrier fish screen (Kano,
1982). The intended application of the results was to aid in the design of on-river fish screens for
the proposed Peripheral Canal. The test flume, study design and implementation, and results
obtainied were imited in scope. Only a narrow range of approach and sweeping flow combinations
was tested (range: 0.1-0.35 ft/s approach velocity, 0.16-0.95 fi/s sweeping velocity). All tested |
fishes except chincok salmon were non-native {e.g., American shad, striped bass), and post-
exposure survival was the only response measured. No data on fish performance (¢.g., _
impingement) or behavior (e.g., swimming behavior, screen passage velocity) were collected during
the 6-hour test exposure periods. However, it is the results of these studies that were the bases for
the present approach velocity criteria for chinook salmon (0.33 fi/s) and delta smelt (0.2 fi/s).

Recognizing the need for more comprehensive understanding of fish responses to fish
sereens, specific information on endangered native fishes, and the ability to address difficult
questions relating to screen design and operation (e.g., ratio of approach to sweeping flow,
distance between bypass channels), the Interagency Ecological Program Fish Facilities Technical
Committee proposed the Fish Treadmili project. In 1994, California Department of Water
Resources contracted with the University of California, Davis (UCD), Hydraulics Laboratory to

- design and construct the Fish Treadmill, a large circular flume (Figure 1) in which complex flow
conditions (Figure 2) similar to these near screened water diversions could be created, controlled,
and menitored (Principal Investigator: M. L. Kavvas, Department of Civil and Environmental
Engineering). During the design, construction, and calibration phases, extensive discussions with
biclogists and engineers from state and federal agencies (DFG, DWR, NMFS, USFWS, USBR),
1JCD, outside consultants, and other interested partics (e.g., Metropolitan Water District)
formulated the biological studies to be conducted with the Fish Treadmill, including experimental
design, fish species, methods and measurements, and quality control and assurance protocols. In

" Qctober 1997, biological studies with delia smelt, splittail (young-ol-the-year), and chinook

salmon (parr and smelts) were begun by the UCD Tish Physiology Group (Principal Investigator:

Joseph L. Cech, Jr., Department of Wildlife, Fish, and Conservation Biology) with extensive

~ cooperation from DFG and DWR. By the completion of the present contract (DWR contract B-

81622, end date: August 15, 1999), experiments with splittail and chinook salmon will be nearly

complete but those with delta smelt, a priority species considered highly vulnerable to water
diversions, will be less than half done. Qther priority species, such as steelhead and longfin smelt,
remain to be tested.
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3. Objectives and Approach

Objective 1. Quantitatively evaluate performance and behavior of small-size priority fishes (delta:
simelt, splittail, chinook salmon, steefhead trout) exposed to controlled multi-vector flows
near a fish screen. _

Approach: Expose fishes to ten different approach and sweeping flow combinations (0-0.5 ft/s
approach veloeity, 0-2.0 fifs sweeping velocity; nine experimental flow regimes and a
control, 0 {t/s} and a fish screen (3/32 inch vertical wedpewire) in the Fish Treadmiil.
Measure screen contact, impingement, swimming velocity, rheotaxis, location relative to
sureen, screen passage velocity, and survival throughout the exposure period. Measure
survival, injury {e.g., scale loss, fin damage), and stress (e.g., plastia cortisol levels) after
the exposure period. ' '

Objective 2: Quantitatively evaluate the effects of species, season, time of day and light level, and
fish size on fish performance and behavior in these multi-vector flows near the fish screen.
" Approach: Compare fish performance and behavior (defined above) at the different flow regimes
among and between species at different seasonal temperatures {(i.e., spring/winter vs
summer/fall, 12°C vs 19°C), times of day and light levels (i.c., day under light conditions
vs night under dark conditions), and of different sizes (3-6 ¢m and >6 om standard length,
SL).

Dbjective 3: In collaboration with statc and federal agencies, suggest refinements for present fish
screen design, Aow, and operational criteria to improve protection of priority species.
Approach: For each of the tested specics apply results to:
* dclermine optimal approach velocities for fish protection and water diversion.
= determine optimal sweeping velocities that maximize fish protection and screen passage.
« determine screen passage velocities and maximum allowable screen exposure durations.
» determine the effects of season (i.e., temperature, fish size) and time of day (i.e., day vs
night) on fish performance and behavior near fish screens to develop adaptive
management strategies for screened water diversions,

Biological studies with the Fish Treadmill are ongeing and the experimental approach,
design, methods, and analyses have already been subjected to rigorous discussion and review.
Descriptions of the work and preliminary results for delta smelt, splittail, and chinook saltmon
have been reported in several technical reports (Velagic et al,, 1998; Swanson et al. 1998a), IEP
Newsletter articies, and presentations at rechnical and scientific meetings. Detailed descriptions
of all aspects of the project are provided in the Fish Treadmill Quality Assurance Project Plan
(Swanson et al. 1998b), ‘

4. Proposed Work and Schedulie

The proposed work and schedule outlined below arc based on successful completion of an
average of 4.5 experiments/week (this experiment rate is consistent with that achieved during the
past 1.5 years of work with the Fish Treadmill) and contingent on adequate funding, personnel,

"and fish availabifity. Three tasks are identified (see VIIL. Cost, for specific activities involved in
these tasks):

Task 1. Operation, maintenance, and calibration of the Fish Treadmill;

Task 2. Biological experiments using the Fish ‘I'readmill; and

Task 3. Fish Cellection,

Il —013175
-013175



The schedule of experiments for each species is determined by species priority rank,
seasonal availability {most species are available in the appropriate sizes during limited seasonal
periods), and the numbers and types of experiments required to complete experimental datasets
defined in the Fish Treadmill experimental design and project plan. Preliminary data analysis is
conducted concurrently with the experiments. Final data analyses and preparation of the final
report will be completed by November 1, 2000. Project management will be conducted by the
Principal Investigator, I. J. Cech, Jr. (UCD, Biological studies), and co-investigators M. L.

Kavvas (UCD, Fish Treadmill operation) and R. Fujimura (DF(, liaison and field fish collection).
Delta smelt: Complete ongoing experiments in 12 and 19°C, day and night, 80-100 experiments,

requires 2000 live fish, August 1999-February 2000.

Steelkead trout: Conduct experiments with parr, 3-5 cm SL, 12°C, day and night experiments,

60 experiments, February 2000- June 2000. '
Splittail: Complete ongoing experiments in 12 and 19°C, day and night, 40 experiments, August

1999-June 2000,

Chinook salmon: Complete ongoing experiments, 19°C, day and night, 20-6( experiments

{depending on number of experiments completed in 1999), June 2000-July 2000,
Longfin smelt, American shad, striped bass: Conduct experiments with young-of-the-year fish,

19°C, as time and fish availability permit.

B. Location and Geographic Boundaries

The stressors, habitats, and species addressed by this project are located in L1 of the 14
Sacramento-San Joaquin watershed Ecological Management Zones identified by CALFED to
contain screened and unscreened water diversions, proposed new water diversions (e.g., for new
off-stream storage, Sacramento River), and/or existing water diversions for which new or
upgraded fish screens are proposed (e.g., Clifton Court Forebay at the SWP, Tracy Fish Facility
at the CVP) (ERPP, Vol. 1, p 424). The quantitative data generated by this laboratory-based
project will be immediately applicable and complementary (o ongoing and proposed field
evaluations of large screened diversions (e.g., Tracy Fish Facility Improvement Program, Glenn-
Colusa Irrigation District, GCID, screen evaluation program). In addition, the results of this
- project will be broadly applicable to IEP agency and CALFED decision makers to assess and

predict the beneficial effects of various screening strategies for proposed CALFED alternatives.
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IV. ECOLOGICAL/BIOLOGICAL BENEFITS AND TECHNICAL JUSTIFICATION
A. Ecological/Biological Objectives

Installation of fish screens and improvements to existing fish screen facilities have been
identified by CALFED as activities that provide direct benefits to fish resources and the
ecosystem by reducing stressors associated with water diversions. The Ecosystem Restoration
Program Pian (ERPP, Vol. 1, p. 425) contends that a “well-designed fish screen based on proven
technology is effective in reducing entrainment and impingement losses of many species of
juvenile fish”. For most native fishes of the Sacramento-San Joaquin system, there is no
“proven technology”. Most existing and planned fish screens have been designed and operated
to meet screen flow and exposure duration criteria based on limited data from (usually) unrealistic
flume studies with salmonids and non-native fishes (e.g., the delta smelt criterion is based on data
from American shad). For many native species, inchiding listed species like delta smelt and
splittail, these criteria may be inadequate and confer no protection from entrainment and
mmpingement, or overly protective and thus unnecessarily costly to water diverters. The Fish
Treadmill project was specifically proposed and designed by cooperative, multi-agency partners to
address these information gaps for priority native fishes (e.g., delta smelt, splittail, steethead trout,
chinook salmon) and to provide timely, relevant, and comprehensive data that could be applied to
design, operate, and adaptively manage screened water diversions that more effectively protect
Sacramento-San Joaquin watershed fish resources.

_ The pritnary ecological/biclogical objective and benefit of the Fish Treadmill project is to

provide the data necessary to develop the “proven technology™ for protective positive barrier fish
" screens for priority native fishes in the Sacramento-San Joaquin watershed. These data will be
usetil to cstablish or refine fish screen design criteria (e.g., distance between possible fish bypass
channels), low criteria (e.g., approach and sweeping velocities), and operational criteria (e.g.,
differential or adaptive operation for different species, seasons, or day vs night). Secondary
objectives and benefits include: providing complementary data for ongoing and planned fish
sereen evaluations at the full-scale fish screen facilities (e.g., Tracy Fish Facility, GCID);
providing baseline data, an experimental approach, and an experimental platform for further
studies, for example, evaluations of the effects of debris and/or screen cleaning methods on fish
performance and behavior.

The experimental approach and use of this laboratory-based system For biological
evaluation of fish responses to complex flows near a fish screen will provide greater direct benefit
than field or other flume studies for several reasons.

1. The Fish Treadmill is uniquely capable of testing fish under a wide range of approach
and sweeping flow combinations (c.g., high approach velocity combined with low sweeping
velocity or low approach velocity combined with high sweeping velocity) and thus provides -
opportunities for detailed examinations of the interactive effects of multiple flow vectors. For
example, preliminary results with delta smelt have suggested that both flow vectors significantly
affect protection {e.g., survival) and passage (i.c., velocity past screen and lhus exposure
duration).

2. Detalled observations of fish behavior (e.g., frequency of contact with the sereen,
swimming behavior, velocily pasl screen) provide valuable information on important aspects of
fish performance and behavior near fsh screens, particularly when correlated with complementary
data in survival, injury and stress. Observations of fishes near fish screens installed at water
diversions in the Delta {e.g., Tracy Fish Facility) or on rivers (e.g., GCID) are logistically and
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~ technically difficult because turbid water conditions limit visibility for human or video

- observations. Further, artificial intreduction and post-exposure collection of test fish at a field
-and/or large-scale diversion (e.g., Tracy Fish Facility) is difficult and probably more stressful to
the fish, especially al night. Thus, the effects of exposure to the flow and screen cannot be easily
separated from the stressful effects of field handling.

3. Flow and environmental conditions (e.g., temperature, light levels) can be precisely
controlled and reproduced in the Fish Treadmill, enabling the replication of experimental
treatments necessary for statistical analyses to isolate and detect significant eects of specific
tactors. Environmental conditions in the tield or at large facilities are inherently uncontrolled and
variable, and cannot be replicated.

4. The Fish Treadmill is the only large scale fish screen test facility capable of testing
delicate, high priority native species (e.g., delta smelt) under realistic, controlled flow and
environmental conditions, and providing detailed quantitative data for the development of fish
screen criteria. It is presently fully operational, calibrated for a wide range of flow condltlons, and
staffed with qualified, trained personnel.

B. Linkages

The Fish Treadmill project is an ongoing program, currently supported by DWR
(contracts B-58719 and B-80898, 1994-1998, for Fish Treadmill final design, construction, and
preliminary biological studies; and B-81622, 1998-1999, for continuation of the biological studies:
results of these early Fish Treadmill studies are reported in Velagic et al., 1998, and Swanson et
al., 1998). The project builds upon work by DFG using a smaller circular flume with a fish screen
{(Kano 1982) and upon which present fish screen flow eriteria are based. The design of the
biclogical studies using the Fish Treadmill was also based on results of previous work by the

_UCD Fish Physiology Group on environmental biology and bebavior of native Delta and upstream
fishes (e.g., deita smelt, Swanson and Cech, 1995, Swanson et al. 1996, 1998a and c; splittail,
Young and Cech, 1996; chinook salmon, Young et al. 1098). This work was also supported by
D'WR and IEP contracts. - The Fish Treadmill project directly complements and expands upon
other proposed and ongoing fish soreen studies at operational water diversions (e.g., GCID, and -

" Red Bluff Diversion Dam, RBDD) and the Tracy Fish Faeility.

The Fish Treadmill biological studies were originally desipned with a three-year study
schedule and an emphasis on native Delta fishes (delta smelt, splittail, chinook salmon) and
American shad (to produce data more directly comparable to Kano, 1982). By the end of the
present contract, 1.8 years of the biological studies will have been completed. During this period,
concern for native Delta fishes has remained high and, because of proposed large upstream fish
screen facilities (e.g., off-stream storage, Sacramento river) and upgrades to existing facilities
(e.g.. GCID), interest for threatened upstream species like steclhead trout has increased.
Therefore, the focus of the Fish Treadmill project during the final 13.5 month has been shifted to
include studies with these (and other) species.

The Fish Treadmill project addresses a major stressor, water diversions, and is specifically
designed to produce the scientific information necessary for CALFED to reduce the adverse
impacts of the stressor by installation of protective fish screens. Results of this project will
provide benefit 1o 11ofthe 14 Ecological Management Zones defined by CALFED {most located
in the Bay/Dclta and mainstem rivers) and to virtually all of the highest priority fish species (delta
smelt, splittafl, chinook salmon, steelhead trout). For example, in the Sacramento-San Joaquin
Delta Ecological Munagement Zone, reduction of entrainment and impingement losses of fish at
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water diversions is identified as a targat, with replacement/upgrades of the SWP, CVP, and

PG&E screens identified as specific pragrammatic actions (ERPP, Vol. 2, p. 110). For protection .
‘of fishes like delta smelt and splittail, results of the Fish Treadmill project are csscntla] to develop
the design and operational criteria for these new/upgraded fish screens.

Support for continuation of the Fish Treadmill project and its scientific evaluation of fish
performance and behavior near fish screens is identified by CALFED as an activity that will help it
achieve its strategic objective of reducing entrainment of fish at water diversions in order to
increase fish survival and population abundances to levels that contribute to the overall health of
the Delta and other beneficial uses of land and water (ERPP, Vol. 1, p. 428-429). By developing
the data and technology to reduce water diversion impacts, the project bas links to other
ecosystem elements and CALFED goals, including:

» native species recovery and conservation, with an emphasns on listed species like delta
smelt, splittail, chinook salmon, and steelhead trout (CALFED Goal 1);

« improving recreational and commercial fisheries (e.g., chinook salmon, steclhead trout)
(CALFED Goal 3); :

» improving Bay/Delta food webs (rehabilitation and protection of matural processes,
CALFED Goal 2); '

+ successful implementation of the CVPIA (e.g., fish doubling goals); and

» successful implementation of recovery measures for listed species (state and federal ESA).

The Fish Treadmill project alse addresses at least two other Stage 1 expectations (ERPP,
Vol 1, p 428-429), continued research on {ish screen and related facilities design, and _
coordinating research and testing various screen programs. In addition, the Proposed Fish Facility
“Fechnology Development Interagency Technical Forum (members include representatives from
CALFED, DWR, DFG, TJSBR, NMFS, and LJSFWS), in discussion of hew technology
requirements for Delta fish facilities, agreed that technology development should include
cooperative research with UCD and the Fish Treadmill project, especially for refined programs for
studying criteria with sensitive species such as delta smelt. '

C. System-wide Ecosystem Benefits

Results of the Fish Treadmill project, when applied to improve fish screen design and
operation and thus reduce the adverse impacts of water diversions, will have broad, system-wide
ecosystem benetits, affecting

.+ habitats (e.g., both Delta and upstream habitats, mcludmg tidal perennial aquatic habitat,
instream aquatic habitat, and shaded riverine habitat);
+ species, with an emphasis on priority, listed native species like delta smelt, steelhead trout,
splittail, and chinook salmon; and
+ ecological processes (e.g., reducing losses of juvenile fishes at water diversions will
improve Bay/Delta and upstream food webs).

D. Compatibility with Non-Ecosystem Ohjectives

Fish Treadmill project results obtained for listed native fishes, species that can affect
- operation of large water diversions (e.g., by take limits), have ditect and timely application for
development, design, and operation of several large fish facilities integral to non-ecosystem
related CALFED objectives like water supply reliability. These include the improvements to the

Tracy Fish Facility, the Clitton Court Forebay fish screens, proposed fish screens at upstream
diversion{s} for off-streamn storage, and the CALFED Isolated Conveyance alternative.

11
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V. TECHNICAL FEASIBILITY AND TIMING

The Tish Treadmill and the ongoing research program is the most appropriate and
comprehensive approach 0 address questions relating to specilic aspects of fish screen design,
flow criteria, and operation. This cooperative project, with the versatile, fully operaticnal Fish
Treadmill apparatus, highly qualified staff, and associnted fish collection and maintenance
facilities, is the only large scale fish screen test program capable of testing delicate, high priority
native species like delta smelt under wide ranges of realistic, controlled flow and environmental

conditions. The project will produce the detailed quantitative data necessary for development of

fish screen criteria that protect native prierity fishes of the Sacramento-San Joaquin watershed.
There are no allernatives presently available or in place 1o meet the stated objectives.

This project will occur in a laboratory sctting and requires no CEQA, NEPA, or other
environmental compliance documents. Permits required to continue this project {e.g., DEG/IEP
collection permit, water discharge permits, and TUCD animal care protocols) are approved ot have
been submitted. A detailed Quality Assurance Project Plan has been approved. No zoning
regulations, planning ordinances or other constrmnts that could impact the schedule and
implementability of the project are known. :

VL MONITORING AND DATA COLLECTION
A. Biological/Ecological Objectives

The objectives of the Fish Treadmill project are to: quantitatively evaluate the
performance (e.g., survival, frequency of contact with the fish screen, stress) and behavior (e.g.,
swimming velocity, rheotaxis, velocity past screen) of small-size, priority fish species exposed to
controlled, multi-vector flows near a fish screen; compare the responses among species and
environmental conditions; and interpret the data to deterinine protective fish screen design, flow,
and operational criteria. For each species, size class and environmental condition, determination
-of optimal screen criteria will be based on comparisons of measured parameters among the
different flow regimes. For example, optimal appreach velocity may be that at which the

frequency of screen contact is minimized, or optimal sweeping velocity may that at which screen '

passage velocity is highest and thus screen exposure duration is minimized. Results will also be
compared with all available fish performance and fish screen data (e.g., Kano, 1982; results from
TFF, GCID, RBDD; other literature). Recommendations for specific screen criteria (e.g.,
approach velocity, maximum allowable exposure duration) and protection objectives (e.g., desired
level of protection, maximum allowable predicted screen contact number) will be made in
collaboration with our Interagency partners.

B. Monitoring Parameters/Experimental Variables and Data Evaluation Approach

The experimental design, methods and data evaluation approach of the Fish Treadmill
project are complicated with many experimental variables and many measurements made during
cach experiment. Therefore, the table format suggested by the CALFED PSP has been modified
to better present the required information. The experimental variables and monitoring parameters
are outlined in Table 1 and the data collection and data evaluation approach in Table 2 (following
pages). During the period for which funding is requested, we will conduct experiments with delta
smelt (juveniles and adults), steelhead trout (parr), splittail (young-of-the-year), and chinook
salmon (parr and smolts). Iftime, fish availability and funding permit, we will also test other
priority species (e.g., longfin smelt) and American shad (to compare with Kano, 1982).

The schedule of experiments for each specics is determined by species priority rank, seasonal
availability, and the numbers and types of experiments required to complete experunenta] datasets
defined in the Fish Treadmill expcn.mcnlal design and project plan.
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Table 1. Experimental variables and monitoring parameters used in the Fish Treadmill.

experiments.
FLOW (ft/s) Approach Sweeping
(10 flow treatments, 0 (comtrol) 0 (control)
one control and . 0.2 {6 cm/s) 0
nine experimental) 0.33 (10cm/s) 0

0.5 (15 em/s} 0] .

0.2 : 1.0 (31cmy/s)

0.33 1.0

0.5 1.0

0.2 2.0 (62 cr/s)

0.33 2.0

0.5 2.0
TEMPERATURE 12°C: winter and spring

19°C: summer and fall

. TIME OF DAY/ Day, light level: 200-300 hux

LIGHT LEVEL Night, light level: 0-1 lux
FISH SIZE small: <6.0 cm SL

medium: 6.0-8.0 em SL
NUMBER OF FISH 20 fish (All fish used onty one time in the
PER EXPERIMENT Fish Treadmill experiments.)
EXPERIMENT 2 hours
DURATION
POST-EXPERIMENTAL 48 hours (Some fish sampled for stress responses
EVALUATION - ‘ during the post-experimental period.)
REPLICATES PER 3 replicates
TREATMENT ‘
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Table 2. Measurements made during each Fish Treadmill experiment.

glucose concentration
chloride ion concentration (or esmolality)
cortisol concentration

Measurement type Definition Method
FLOW and ’ h
ENVIRONMENTAL
CONDITIONS : .
Approach and fi/s and em/s 3-I» acoustic doppler velocimeter,
 Sweeping velocity Measured at beginning and end of each experiment
- Temperature °C Measured at beginning and end of each experiment
- Dissolved oxygen ' mg/l Measured at beginning and end of each experiment
Light level : ux Measured at beginning of each experiment
PERFORMANCE
Impingement ‘ -prolonged (>5 min) contact with screen.  measured visually throughout experiment
Screen contact . temporary contact with screen measured visually throughout cxperiment
Survival B measured af 0 and 48 h post-experimental
Injury damage o skin, scales, fins, eyes measured 48 h pust-experimental
BEHAVIOR
" Swimming velocity
over the ground cm's, velocity past screen
through the water om/s, swimming velocity measured using computer-assisted
Oriertation (rheotaxis) arientation telative to resultanl cutrent, motion analysis of video tapes
Distance from screen distance (cm) from inner fish screen
Schooling ) distribution of fish in swimming channel = measured visually throughout
experiment
PHYSIOLOGICAIL RESPONSES
Hematocrit (%% red blood cells)
Plasma variables
pH _
lactatc concentration Measured from pooled blood

samples collected from two
randomly selected fish ac
selecled pust-experimental times
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C. Peer-review, Repofta, and Publications

Quarterly reports will include financial status, activities during the quarter, tasks -
completed, deliverables produced, problems encountered, and a description of modifications to
the contract. Status and results of the project will also be presented and discussed at quarterly
meetings of the Interagency partners, UCD research staff, outside consultants, and other -
interested parties. The final technical written report will be submitted by November 1, 2000.
Results of these studies will also be described in [EP Newsletter articles, and in manuscripts

submitted for publication in peer-reviewed sciemific journals (e.g., Transactions of the American _

Fisheries Society, North American Journal of Fishery Management, Environmental Biology of
Fishes, Copein, Journal of Experimental Biology, Conservation Biology, Hydrobiclogia, and
Water Research), All data will be stored by the Prmczpal Investlgator for five years after project
completion.

VIL LOCAL INVOLVEMENT

The Fish Treadmill project is an ongoing University-based, laboratory program. All
required notifications and approvals (e.g., water discharge permit) to UCD, local governments,
lando wners, environmental groups, and other interested organtzations are in place. Public
outreach o interested parties (including academics, state and federal agency personnel, local and
state media, and the general public) is accomplished through scheduled quarterly meetings, IEP
Newsletter articles, journal articles in the scientific and technical press, and related UCD press
releases.
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. VI COST
A. Budgcet :

A total of $1,036,821 (calculated at 46% overhead) is requested from CALFED for a 13.5
month effort to complete Tasks 1, 2, 3, and project management. 1f CALFED funding is provided
through a State agency, overhead costs arc reduced from 46% to 10% and total costs are
$823,000. . :

Task 1. Fish Treadmill Operation, Maintenance, and Calibration: The success of the
project depends heavily on the proper function of the experimental apparatus, the Fish Treadmili,
The UCD Hydraulies Engineering Group is responsible for this activity that includes: operation of
the Fish Treadrnill during all experiments; maintenance and repair of the Fish Treadmull: regular
change of underground sump water; temperature control of sump water; maintenance and
oversight of sump water quality (e.g. dissolved oxygen, ammonia, pH, alkalinity, and hardness);
regular calibration of approach and sweeping flow combinations in the Fish Treadmill swimming
channel; and report writing and presentation of results. Operation of the Fish Treadmill during
experiments demands simuftaneous and continuous adjustments by two engineers of incoming
flow and discharge, water depth in the swimming channel, and the speed of the rotating outer
screen. At least four part-time engineers are needed to ensure normal operation of the Fish
Treadmill for two shifts each day. Additionally, they are also responsible for monitoring water
quality before, during, and after the experiments, Two part-time mechanical technicians are
needed for regular maintenance and repair of the Fish Treadmill.

Task 2. Biological Experiments: Biological studies using the Fish Treadmill are the
responsibility of the UCD Fish Physiology Group. Personnel from DFG and DWR participate in
some aspects of this task. This task includes: fish care and management; maintenance of fish and
holding tank water qualily; preparation for and implementation of experiments; post-experiment
fish health and water quality; data cntry; data analyses; interpretation of results; report writing;
and presentation of results. Fach experiment requires three to five ressarchers (depending on
experimental flow and time of day, i.e., day vs night) for preparation, Implementation, and
immediate post-experiment activities. Each experiment also requires approximately four bours of
motion analyses for fish behavior measurements, three hours ol data entry and data quality
assurance record keeping. The continuing project also requires two new 2-hp chillers for proper
temperature control in fish holdihg facilities.

Task 3: Fish Collection: Fish ficld colfcction (for delta smelt and, if tested, longfin smelt) is
primarily the responsibility of the DFG, in collaboration with the TJCD Fish Physiology Group.
This task includes: determining collection site locations based an DFG field monitoring data;
scheduling collection expeditions; operation and maintenance of fishing boat and collection gear;
and transport of collected (ish to the TJCD fish holding facilitics: Each fish collection expedition
for delta smelt invelves at least four people to operats the boat, check Delta water condition, set
and pull the purse seine, collect the fish, and transport the fish to UCD. Each fish collection takes
approximately two hours boat and net preparation, two hours actual fish collection, two hours
post-collection clean-up, and two hours post-transport fish care. Wote that, in addition to this
task, [JFG personnel also participate in Task 2, biological studies using the ¥ish Treadmill.

Project Management: Project management'wi]l be conducted by the Principal Imkestigator, J T
Cech, Jr. (UCD, Biclogical studies, Task 2), co-principal investigator M. [.. Kavvas (IJCD, Fish
* ‘I'teadmill operation, Task 1) and R. Fujimura (DFG, liaison and field fish collection, Task 3).
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B. Schedule

Tasks ! and 2 are interdependent and will take place concurrently throughout the 13.5

month period for which funding is requested. Activities in Task 3, fish collection, will be
concentrated during the delta smelt collection season, August 1999-December 1999,

Table 3. Cost Breakdown of Funding Requested from the CALFED Program

Task [l Salaries & | Supplies & Equipment | Studont Fee Travel Publications Indirect Cost | Sub- Total Cost
hours Benefits Expensos Remissions BA6% contract )
(@119%)
1 10,578 .239,929 11,568 1] 9,414 0 0 115,689 0 375,600
' (25,150% {286,061)
2 13,892 | 295,447 . 30,000 10,000 4,725 19,000 6,000 157,066 I 0 513,238
] {34,145} (390,317)
3 See See See See See See See 2,500 143,020 | 145,520
Table 4 | Table 4 Table 4 Table 4 Table 4 Table 4 { Table 4 and see :
, ’ ) Table 4
Projoct 68 1,002 0 0 0] 0 0 461 1,463
manage- . :
ment (100} {1,102)
Al 33,448 | 649,526 | 46,948 12,000 14,139 10,400 | 6,000 275,716 -1 1,036,821
})‘“F‘é“‘i“ (61,895) ‘| (823,000)
sob- :
contract)
Table 4. Subcontract Funding for DFQG {Task 3)
‘Task Labor Salaries & Supplies & Equipment Travel Publicatiens | Indirect Cost Total Cost
hours Benefits Expenses : .
3 8,978 114,150 5,38[5 2,000 400 0 . 21,090 143,020

Table 5. Quarterly Budget for the Fish Treadmill Project. Budget fgures are caluulated with 46%

overhead and 10% overhiead (in parentheses).

Task | Aug-Dec 99 Jan-Mar 00 Apr-Jun 00 Jul-Sep 00 Total Budget
11 125,523 83,689 83,689 83,689 . 376,600
(95,354) (63,569) (63,569) (63,569) (286,061)

2 177,745 111,831 111,831 - 111,831 513,238
(136,772) (84,515) (84.515) {84.515) (390.317)

3 49, 006 31,338 31,338 31,338 143,020

::;‘;‘s‘c_ 488 - 325 325 325 1,463
ment (367) (245 (245} {245) (1,102)
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IX. COST-SHARING

To date, the Fish Treadmill project, including design, construction, modification, and
calibration of the apparatus, upgrades to the UCD fish holding facilities, fish field collection, and all
aspects of the hydraulic and biological studies conducted using the apparatus, has been funded
exclusively by DWR. DWR has also provided funding to DFG to offset their costs for participation in
the project (i.e., assistance with fish field collection and experimental data collection). For the period
for which funding is requested from CALFED in this proposal, DWR has agreed to contribute funds to
support at least one (1) full-time scientific aide (approximately $20,000) to assist with Fish Treadmil}
project activities (e.g., fish collection and care, experimental set-up, data collection and preliminary
analysis). Inaddition, UCD will contribute a percentage of two principal investigators® salaries (J. T,
Cech, Jr., 5%, and M. L. Kavvas, 10%) plus benefits for a total of $15,892. Thus, a total of $35,892
is contributed as cost sharing, leveraged funds (Table 6).

Table 6. Total (incliding “leveraged™) funding for the project.

SQURCE OF FUNDING AMOUNT
University of California, Davis (matching funds) | 15,892
Department of Water Resources (personnel) 20,000
CALFED requcsfcd, ({@46% overhead 1,036,821

{@10% overhead) - H{(823,0000
Total ' 1,072,713
: (858,892)
18
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X. APPLICANT QUALIFICATIONS
A. Organization of Staff

. The project will be under the direction and supervision of the principal investigator, Joseph J,

Cech, Jr., Professor in the Department of Wildlife, Fish, and Conservation Biology, University of
California, Davis (Task 2) and the co-principal investigator, Dr. M. L. Kavvas, Department of Civil
and Environmental Engineering, University of California, Davis {Task 1). R. Fujimura (DFG) will
provide additional management and support for fish collection (Task 3). Day to day project '
management, implementation, data analysis, interpretation and report writing will be provided by three
post-doctoral researchers, co-investigators Drs. Christina Swanson and Paclencia S. Young (Task 2)
and Dr. Z. Q. Chen (Task 1). Additional assistance with fish collection, fish care, fish management,
experiment implementation, data collection, data entry, preliminary data analysis, and data quality
control and assurance will be provided by full and part-tine post-graduate researchers, student
research assistants, and DFG and DWR researchers and scientific aides.

B. Collaborating Scicntists (Biclogical Studies)

Dr. Joseph J. Cech, Jr. has been a professor at UCD since 1975 and was Chair of the Department of
Wildlife, Fish, and Conservation Biology from 1992-1997. He has published more than 80 peer-
reviewed articles in the fields of physiology and physiological ecology of fishes, and has won numerous
awards, honors and grants. He has completed eight contracts with state agencies for studies of the
physiological ecology of fishes of the Sacramento-San Joaquin system. He is presently co-principal
investigator, with M. L. Kavvas (Department of Civil and Environmental Engineering, UCD) on the
Fish Treadmill Project. Relevant publications inchude:

Cech, I. I, Jr., Mitchell, 8. J., Castleberry, D. T., and McEnroe, M. (1990) Distribution of California
streamn fishes: inlluence of environmental temperature and hypoxia. Env. Biol. Fish. 29:95-105.

Moyle, P. B. and Cech, J. F., Jr. (1996) Fishes: and introduction to ichthyology. 3™ edition, Prentice
Hall, Englewood Cliffs, New Jersey.

Cech, I. I, Jr., Bartholow, 5. D., Young, P. 8., and Hopkins, T, E, (1996') Striped bass exercise and
handling siress in fresh water: physiological responses to recovery environment. Trans. Am.
Fish, Soc. 125:308-320,

Dr, Christina Swanson has been a post-doctoral researcher in Dr. Cech’s laboratory for the past
seven years, working on environmental tolerances, physiology, swimming performance, and behavior
of Delta and upstream fishes, with an emphasis on the biology of delta smelt. She was the managing
researcher on three successfully completed state contracts and is presently one of the managing
biologists on the Fish Treadmill Project. Relevant recemt publications inchude:

Swanson, C., P. 8. Young, and I. J. Cech, Jr, (1998} Swimming performance of delta smelt: maximum
performance, and bebavioral and kinematic limitations on swimming at submaximal velocities.
J. Exp. Biol 201:333-345.

Swanson, C., T. Reid, P. S. Young, and J. J. Cech, Jr. {1999) Comparative environmental tolerances
of threatened delta smelt { Hypomesus transpacificus) and introduced wakasagi (H.
nippanensis) in an altered California estuary. (submitted, manuscript available on request)

Swanson, C., P. 8. Young, and J. . Cech, Jr. (1998) Performance, behavior, and physiological
responses of Delta fishes in two-vector flows in a fish treadmill. Part 3. Biological studies using
the fish treadmill. Final Report, California Department of Water Resources. 59 pp.
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Dr. Paciencia 8. Young received her doctoral training and is presently a post-doctoral research in Dr.
Cech’s luboratory. She is an expert in the areas of stress and exercise physiology of fishes and has
spent the past five years studying the environmental tolerances, swimming performance, and behavior
of Delta fishes, with an emphasis on splittail and delta smeli. She was the managing researcher on
three successfully completed state contracts and is presently one of the managing biologists on the Fish
“Treadmill project. Recent relevant publications include:

Young, P, 5., C. Swanson, and J. J. Cech, Jr. (1998) Performance, behavior, and physiological
responses of Delta fishes in two-vector tlows in a fish treadmill. Part 2. Illumination and
photophase effects on swimming performance and behavior of Delta fishes. Final Report,
California Department of Water Resources. 57 pp.

Young, P. 8. and J. J. Cech, Jr. (1996) Environmental tolerances and requirements of splittail. Trans.
g
Am. Fish. Soc. 125:664-678. .

Young, P. 5. and I. J. Cech, Jr. (1995) Environmental requirements and tolerances of Sacramento
splittail, Fogonichthys macrolepidotus (Ayres). Final Report to the Interagency Ecological
Studies Program for the San Francisco Bay/Delta. 56 pp.

Young, P, S, and I. J. Cech, Jr. (1993) Effects of exercise conditioning on stress responses and
recovery in cultured and wild young-of-the-year striped bass (Morane saxatilis). Can. J. Fish.
Aquat. Sci. 50:2094-2099. &

Dr. M. Levent Kavvas has been a professor in the Department of Civil and Environmental
Engineering since 1985 and Director of the UCD Hydraulics Laboratory sinee 1991, He is the author
of more than 75 journal and proceedings publications in the areas of hydraulic and hydrologic
engineering. His areas of specialization include: physical hydraulic modeling of environmental fluid
flows, pollutant and sediment transport, and modeling of hydrologic processes. such as overland flow,
erosion, and infiltration. He is presently principal investigator in the Fish Treadmill project. A recent
relevant publications is:

Vclagic, E., M. L. Kavvas, W. Summer, and others (1996 Fish Screen test apparatus with variable
two-vector flow conditions: hydraulic model. Final Reporl for California Departmsnt of Water
Resources contract B-58719.

Dr. Z.Q, Chen is a Research Engineer and the manager of the UCD Hydraulics Laboratory. He has
worked on various hydraulic modeling studies for morc than ten vears, and currently is the lead
hydraulic engineer for the Fish Treadmill Praject. Dr. Chen specializes in physical hydraulic models,
hydraulic engineering, and hydrological modeling. A receni relevant publication is:

Chen, Z. Q., E. Velagic, A. Karakas, E. Dogrul, H. Bandeh; W. Suminer, and M. L. Kavvas (1998)
Performance, behavior, and physiological responses of Delta fishes in two-vector flows in a fish
" treadmill. Part 1. Hydraulics Studies. Final Report, California Department of Water Resources.
42 pp.
Robert Fujimura is a biologist with the Bay/Delta division of DT'G and has been working with the
Fish Treadmill project since the iniliation of biological studies using the apparatus. e will serve as
primary Interagency liaison for fish collection, and assist the UCD staff in experimental design,

implementation, amd data analysis, and data quality Lontrol and assurance for the Fish Treadmill
experiments.
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2. AREAS AFFECTED BY PROMECT [Cities, Counties, Statas, et )
volo Ccunty, State of California, USA

3. PROPOSED PROJECT

I‘M. CONGRESSIONAL DISTRICTS OF:

tart Dale Ending Date
8/16/99f9/30/00

a. Applicant
Congressiocpal Distz., #3

b. Project
Congressional Distr. #3

5. ESTIMATED FUNDING:

16. IS APPLICATION SUBJECT TO REVIEW BY STATE EXECUTIVE
ORDER 12372 PROCESS?

a, YES. THIS PREAPPLICATION/APPLICATION WAS MADE

AVAILABLE TC THE STATE EXECUTIVE ORDER 12372
PROCESS FOR REVIEW ON:

DATE

0. No. (] PROGRAM IS MOT COVERED BY E. Q. 12372

7 OR PROGRAM HAS NOT BEEN SELECTED BY STATE
FOR REVIEW

. Federat o
1,036,821 {13.5 months)

. Applicant 5 .

State $ =

Local $ =

Gther $ =

Program Income 3 *

R

. TOTAL 3

17, 15 THE APPLICANT DELINQUENT ON ANY FEDERAL DEBT?
[JYes H"ves," artach an axplanation, 3 Ne

1,036,821 (13.5 months)

8. TO THE BEST OF MY KNOWLEDGE AND BELIEF, ALL DATA IN THIS APPLICATION/PREAPPLICATION ARE THUE AND CORRECT, THE
JIDCUMENT HAS BEEN DULY AUTHORIZED BY THE GOVERNING BODY OF THE APPLICANT AND THE APPLICANT WILL COMPLY WITH THE

ATTACHED ASSURANCES IF

THE ASSISTANGE IS AWARDED. Fav Yoo

. Typa Name of Authcrized Represerlativa b. Title Contracts

& Grants Angyg c. Talaphong(gabb)s?sz_zo-n-,

. SBignalure of Auhorizes Reprasentative MN\[\/‘

a. Date Signed

revious Eaiban Usable

¥ \
whonized for Local Aeproduction Q k

I —013
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UJ.S. Department of the Interior

Certifications Regarding Debarment, Suspension and
Other Respansibility Matters, Drug-Free Workplace
Requirements and Labbying

Persons signing this form should refer to the regulations
rafarenced below for complete instructions:

Certification Regarding Debarment, Suspension, and Qlher
Responsibility Matters - Primary Covered Transaclions - The
prospective primary partfcipant further agrees by
submitting this propesal that it will Include the clause
titled, “Certification Regarding Debarment, Suspension,
Ineligibility and Voluntary Exclusion - LowerTier Covered
Transaction," provided by the department. or agency
entering into . this coverad transaction, without
modification, In all lawer tier covered transactions and in
all solicitations for iower tier covered fransactions. See

Certification Regarding Debarment, Suspension, lnaligibility
and Voluntary Excluslon - Lower Tier Covered Transactions «
{See Appendix B of Subpart D of 43 CFR Par 12.)

Cerification Regarding Drug-Free Workplace Requirements -
Alternate L. (Grantees Cther Than Individuals) and Aligrnale
Il. {Grantees Who are Individuals) - (See Appemdlx C of
Subpart D of 43 CFR Parl 12)

Signature on this form provides for compliance with
cerification requiremeants under 43 CFR Parts 12 and 18. The
certifications shalf be treated as a materigl representation of
fact upon which refiance will be placed when the Department

below for language to be usad; use this form for certification of the Interior determines la award the covered transaclion.
and sign; of use Department of the Interiar Farm 1954 (DI-  grant, cooperative agreement or foan.
1854). {Sec Appendix A of Subpart D of 43 CFR Parl 12.)

PART A: Centification Regarding Debarmant, Suspansion. and Other Responsibllity Matters -
Primary Covered Transactions

CHECK__IF THIS GERTIFICATION IS FOR A PRIMARY COVERED TRANSACTION AND IS APPLICABLE.
(1) The prospective primary participant certifies to the best of iis knowledge and belief, that it and its principals:

{a}  Are not presently debarred, syspended, proposed for debarment, declarad ineligibie. or voluntarily excluded from
covared {ransactions by any Federal department or agency:

()  Have not within a thres-year perlod preceding this proposal been convicled of or had a civil judgment rendered against
them for commission of fraud or a eriminal offense in connection with cbtaining, attempting to obtain, or performing
a public {Federal, State or local} transaction or contract under a public trensaction; viglalion of Federal or State

antitrust statutes or commissian af embezzlement, theft, fargery, bribery, falsification or destruction of records, making
false statements, of receiving siclen property; '

(2)  Are not presently indicted for or otherwise criminally or givilly charged by a governmental enlity (Federal, State or
local) with commission of any of the offenses enumerated in paragraph (13(b} of this certifizalion; and

{d)  Have nol within a three-year period preceding this application/propesal had one or more putlic ransactions {Federal,
State or [ocal) terminated for cause or defauit.

(2} Where the progpective primary participant is unable to certify to'any of the statements in this cerification. such prospective
participant shall attach an explanation to this proposal.

PART B: Certification Regarding Debarment, Suspension, Inahglblllty and Voluntary Exclusion -
Lcwer Tier Covered Transactiohs

CHECGK__IF THIS CERTIFICATION IS FOR A LOWER TIER COVERED TRANSACTION AND IS APFLICABLE.

(1) The prospeclive lower tier participan! cerlifies, by submission of this proposal, that ne:ther it nor its principals is presantly
debarred, suspended, proposed for dcbarmenl declared ineligible, or voluntarily excludes fram paﬂlClﬂa’-'Of" i this
transaction by any Federal department or agency.

{2) Where the prospactive lower tier participant is Unable 10 certify to any of the statements in this certification, such prospeclive
participant shall attach arn explanation to this proposal.

1un
Marth 1335

! Taia fom tenawiiderss B11852, 0L LTS
DL 1455, DL19%8 snd D115931
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PART C: Certification Regarding Drug-Free Wdr‘kplace Requiremants

CHECK__IF THIS CERTIFICATION IS FOR AN APPLICANT WHD IS NOT AN INDIVIDUAL.
Alternate . {Sranlees Other Than individuals)
A. The 'grantee certifies that it will or continue to provide a drug-free workplace by

(& . Pubhshmg a statement notifying emiployees that the unlawiul manufacture, distriution. dispensing, possession, oruse
of a controlled substance is prohibited in the grantee's workplace and specifying the actions that will be taken against
empieoyees far violation of such prohibition;

(o)  Eslablishing an ongoing drug-free awareness program (o infonm employees aboul—
{1) The dangers of drug abuse in the workplace:
(2) The grantee's policy of malnlaining 2 drug-free workplaca;
(3) Any available drug counseling, rehablltation, and employee assistance programs; and
(4) The penalties that may be imposad upon employess for drug abuse violations eccurring in the wodkplace;

()] Making it'a requirement that each employes ta be engaged in the performance of the grant be given a copy of the
statemeant required by paragraph (a);

(d) Noufylng the empioyee in the statement required by paragraph (a) that, as a condition ofemploymenl undar the grant,
the employee will — .
(1)  Abide by the terms of the statement; and
(2) MNotify the employer in writing of his or her conviction for & violation of a criminai drug statute oceurring in the
workplace no later than five calendar days after such conviction:

(@) Natifying the agency in writing, within ten calendar days after receiving notice under subparagraph {d)(2) from an

. employee or otherwise recaiving actual notice of such conviction. Employers of convicted employees must provide
.notice, including pesilion title, to every grant officer on whose grant activity the convicted employee was working,
unless the Federal agency has designated a centrat point for the recelpt of such notices, Nolice shall includa the
identification numbers(s) of each affected grant;

] Taking one of the following actions, within 30 calendar days of receiving nolice under subparagraph (d){2), with
respact to any employee who is so convicted -
(1) Taking appropriaia parsonnel action against such an employee, up 1o and inclading lermiination, consistent with
the requirements of the Renabilitation Act of 1973, as amended; or
(2} Regquiring such employee to participate saf.:sfactonfy in @ drug abuse gssistance or rehabmtauon program
approved for such pUrposes by a Federal, State, or locel health, faw enforcement, or other appropeate agency;

{g) Making a good faith effort {o continue to maintain a drug-free workolacs thmugh implementation of paragraphs (a)
), {c), (@} (&) and ().

B. The grantee may insert in the space provided below the site(s for the parformance of work danea in connection with the
specific grant:

_Place of Performance (Strest address, city, county, stale, zip code)

Department of Wildlife, Fish, & Conservation Bioclogy, University of
California, One Sn_J.eJ_cis AVC.; Davie, CA 95616

Chesk___if there are workplaces on file thal are ot identified here.

PART D: Certification Regarding Drug-Free Workplace Requirements

CHECK_!F THIS CERTIFICATION IS FOR AN APPLICANT WHQ IS AN INGIVIDUAL.
#

Alternate (I, {Grantees Who Are Individuals)

{a) The graries certifies that, as a condition of the grant, he of she will nol engage in the unfawiul manufacture,
distributian, dispensing, possession, or use of a controlled substance in conducting any atlivity. with the grant;

(b} If convicted of a criminal drug offense resulting from a violation occurring during the conduct of any grant activity, he
or she will repor the conviction, in writing, within 10 calendar days aof the convietion, to the grant officer or ather
dasignee, unless the Federal agency dasignates a ceniral pomt 197 the receist of suchnctices. When notice 1s made
lo such a central point, it ska’l inciude the identdicetion rumbar(=) of aach afecled g-ant

I —013192
-013192



PART E: Centification Regarding Lobbying

Cartification for Contracts, Grants, Loans, and Cogperative Agreements

CHECK__IF CERTIFICATION 1S FOR THE AWARD OF ANY OF THE FOLLOWING AND
THE AMCUNT EXCEEDS $100.000: A FEDERAL GRANT QR COOFPERATIVE AGREEMENT,
. SUBCONTRACT, OR SUBGRANT UNDER THE GRANT OR COOPERATIVE AGREEMENT.

CHECK__IF CERTIFICATION I3 FOR THE AWARD OF A FEDERAL |
LEAN ENCEEDING THE AMOUNT OF $150,030, OR A SUBGRANT OR
SUBCONTRACT EXCEEDING $7100,00G, UMNDER THE LOAN.

The undersigned cerifies, to the bast of his or her knowledge and belief, that:

N

2)

(3)

No Federal appropriated funds have been pald or will be paid, by er on behalf of the undersigned, to any person for
influencing ar attempling to influence an officer ar employee of an agency, a Member of Congress, and officer or employee
of Cangress, of an emplayee of a Member of Congrass in cannection with the awarding of any Fedaral contract, the making
of any Fedaral granl, the making of any Fedaral khan, the entering into of any cooperative agreement, and the extension,
continuation, renewal, amendment, or maodification of any Federal contract, grant, loan, or cooperative agrasment.

If any funds othar than Federal appropriated funds have been paid or will be paid to any persen {or influencing or atiempling
ta influence an cficer or employee of any agency, a Member of Congress, an cfficer ar employea of Congress, or an
employee of a Member of Congress in connection with this Federal cantract, graant, loan, of caoperative agreement, the
undersigned shall complete and submit Standard Form-LLL, "Disclasure Form to Report Lobbying,” in accordance with its
instructions.

The undersigned shall require that the language of this certification be included in the award documents for all subawards

at &l tiers (including subcontracts, subgrants, and contracts under grants, loans, and cooperative agresments} and that all
subrecipients shall certify accordingly.

This cerfification is a material reprasentation of fact upon which relianee was placed when this transaction was made or eatzred
into. Submission of ihis certificatian is a prerequisite for making or entering into this transaction impased by Section 1352, title
31. U.5. Code. Any person who falls ta flle the required certification shall be subject to a civil penalty of nat less than $10,000
and not more than $100,000 for gach such fajture,

Ag the authorized certifying official, | hersby cerlify that the above specified certifications ars true.

SIGNATURE OF AYTH

SRTIFYING OFFICIAL

— Fay Yee

TYPED NAME AND TiTLE  Contracts & Grants Analyst

DATE (’” WM/‘:‘
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OMB Approval No. 0348-0040

ASSURANCES - NON-CONSTRUCTION PROGRAMS

Public reporing burden for this coliection of information is estimated to average 15 minules per response, including time for raviewing
instructions, ssarching existing data sources, gathering and maintalning the data needed, and completing and reviewing the collection of
information. Send comments regarding the burden estimate or any other aspect of this collection of information, including suggestions for
reducing this burden, to the Office of Management and Budget, Paparwork Reduction Project (D348-0040), Washington, DC 20503.

PLEASE DO NOT RETURN YOUR COMPLETED FORM TO THE OFFICE OF MANAGEMENT AND BUDGET.
SEND IT TO THE ADDREES PROVIDED BY THE SPCNSORING AGENCY.

NOTE: Certain of these assurances may nol be applicable to your project or program. It you have guestions, pleasa contact the
awarding agency. Further, cartain Fedaral awarding agsncies may require applicants to certify to additional assurances. i siich

\s the duly authorized representative of the applicant, | carlify that the applicant;

1.

is the case, you will be notified.

Has the legal authority 1o apply for Federal assistance
and the instituticnal, managerial and financiai capability
{including funds sufficient to pay the non-Fadaral share
of project cost) to ensure proper planning, management
and completion of the project described in this
application.

Will give the awarding agency, the Complroller General
of the Uniled S3tates and, it eppropriate, the Siate,

- through any authorized representative, access to and

the right fo examine all- records, books, papers, or
documents related 1o the award; and will sstablish a
proper accounting system in accordance with generally
acoepted accounting standards or agency dirsctives.

Will establish satequards to prohibit employesas from

using their positions for & purpcse that constilutes or -

prasents the appearance of personal or organizational
canflict of interest, or personal gain.

“will inftiate and complete the work within the applicabie

time frame after receipt of approval of the awarding
agency.

Will comply with the Intergovernmental Personnel Act of
1970 (42 U.5.C. §54728-4763) relating to prescribed
standards for merit systems for programs funded under
one of the 19 statutes or regulations specified in
Appendix A of OPM's Standards for & Marit System of
Personnel Administration (5 C.F.R. 800, Subpar F).

Wil comply with all Federal statutes relating fo
nondiscrimination. These include but are not limited to:
(a) Title V1 of the Civil Rights Act of 189684 (P.L. 88-352)
which prohibits discrimination on the basis of race, colar
or national origin; {b) Title IX of the Education
Amendments of 1972, as amandad {20 U.S.C. §51681.
1683, and 1685-1688), which prohibits diserimination on
the basis of sex; () Section 504 of the Rehabilitation

Previous Editlon Usakie

Authorized for Local Reproduction

I —0131094

Act of 1973, as amended (29 U.5.C. §794), which
prohibits discrimination on the basis of handicaps; (@)
the Age Discrimination Act of 1975, as amended {42
U8.C §§6101-6107), which prohibits discrimination
on lhe basis of age; (e) the Drug Abuse Office and
Treatment Act of 1972 {P.L. 92-255), as amended,
relating o nendiscrimination on the basis of drug
abuse; {f the Comprehensive Alcohol Abusé and
Alcohclism Prevention, Treatment and Rehabilitation
Act of 1670 (P.L. 81-618), as amended, relating to
nondiscrimination on the basis of alcohol abuse or
aleaholism; (@) §8523 and 527 of the Public Heallh
Service Act of 1812 (42 U.5.C. §§290 dd-3 and 290 ee
3), as amended, relating to canfidentiality of alcohal
and drug abuse patient records; (k) Title VUI of Lhe
Givil Rights Act of 1968 {42 U.5.C. §§3601 st seq.), as

amended, ralating to nondiscrimination in the sale,

rental or financing of heusing; . () any other
nondiscrimination provisions in the specific statute(s)
under which application for Fedseral assistance is baing
made; and, () the reguirements of any other
nondiserimination statute(s) which may apply to the
application.

Will ‘comply, or has already - complied, with the
requirements of Tites 1l and 1! of the Uniform
Relogation Assistance and FReal Property Acquisition
Policies Act of 1970 (P.L. 91-846) which provide for
fair and equitable treatment of persons displaced: ar
whose property is acquired as a result of Federal or
fedarally-assisted programs. These requirements apply
to all interests in real property acquired for project
purposas ragardless of Federal participation in
purchases. ‘

Wilt comply. as applicable, with provisiens of the
Hatch Act {5 U.5.C. §§1501-1508 and 7324-732B}
which limit the political activities of employees whose.
principal employment activities are funded in whole or
in part with Federal funds.

Standard Form 4248 (Rev. 7-87)
Prascribed by OMB Circular A-102
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9.

Will comply. as ap,..icable; with the provigior.. of the Davis-
Bacon Act {40 U.S.C_ §8276a to 276a-7), the Copeland Act
(4G U.S5.C. §276¢c and 18 U.5.C. §874), and the Contract
Work Hours and Safety Standards Act (40 U.S.C. §§327-
333}, regarding labor standards for federaliy-assisted
conslruction subagreements.

Will comply, if applicable, wilh fleod insurance purchase
requirements of Section 102(a) of the Flood Disaster

Protection Act of 1873 {P.L. 83-234) which requiresl

recipients in a special flood hazard area to panicipate in the
program and to purchase fiood insurance if the total cost of
insurable construction and acquisition Is $10,000 or more.

Will comply with environmental standards which may be
prescribed pursuant to the following: (a) instilwtion af
environmental guality control measures under the National
Environmental Policy Act of 1969 (P.L. 91-190) and
Executive Order (EQ} 11514; (b) notification of violating
facilities pursuant to EQ 11738, (c} protection of wetlands
pursuant to E.D 11980; {d) evaluaticn of fiood hazards in
floedplains in accorgance with EQ 11988, {e) assurance of

12.

14,

15,

Will comply with the Wild and Scenic Rivers Act of
1968 (16 U.S.C. §51271 et seq.) related to protecting
componanis or potential components of 1he natipnal
wild and scenic rivers system,

Will assist the awarding agency in assuring compilance
with Section 106 of the Maitianal Hisloric Presarvation
Act of 1066, as amended (18 U.5.C. §470), ED 11593
{identilication and protection of historic properties), and
the Archaeciogicat and Hisloric Preservation Acl of
1974 {16 U.§.C. §5489a-1 st 56g.).

Will comply with P.L. 93-348 regarding the pratection of
human subjscts involved in research, davelopment, and
ralated activities supported by this award of agsistance,

Will comply with the Laboratery Animal Waltare Act of
1966 (P.L. 89-544, as amended, 7 U.5.C. §§2131 et
seq.) periaining to the care, handling, and treaiment of
warm blooded animals held for research, teaching, or
other aclivilies supported by this award of assistance.

THE REGENTS OF THE UNIVERSITY..
OF CALIFORMIME.

project consistency with the approved State management 16. Will comply with the Lead-Based Paint Peisoning
program develioped under the Coastal Zone Managsmant Prevenlion Act (42 U.S.C. £84801 et seq) which
Act of 1972 (16 U.5.C. §§1451 et seq.): {f) conlormity of prohibits the use of isad-based paint in construclion or
Federal actions to State (Clean Air} Implementation Plans rehabiitation of residence structures.
under Section 176(c) of the Clean Air Act of 1955, as
amended (42 U.5.C. §§7401 et seq.), (g) protection of 17, Will cause to be performed the required financial and
underground sources of drinking waler under the Sale compliance audits in accordance with the Single Audit
Drinking Water Acl of 1874, as amended (P.L. 83-523), Act Amendments of 18985 and OMS Circular No, A-133,
and, (h) protection of endangersd species under the *Audils of States, Local Governments, and Non-Profit
Endangered Species Act of 1973, as amended (P.L. 93- Orgahizations.”
205),
18, Wil comply with all applicabla requiremants of all othar
Federal laws, executive orders, regulahons and policies
gaveming ﬂ"HS program,
SIGNATURE OF AUTHORIZED CERTIFYING OFFICIAL TITLE
Fay Yee
Contracts & Grants Analyst
APPLICANT O@IZWN N DATE SUBMITTED

4l

Standard Form 4248 (Rev. 7-97) Bac
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CMB Approval No. 0348-0044

o PRI SRR PRATT R
Grant Program Cataiog of Federal Estimated Unobligated Funds New or Revised Budgst
Fund.“f" Domestic Assistance Federai Nor-Federal Federal Nonh-Federal Total
or Activity Number o : ©
@) ®) (©) C) (&) 0 g
1. Task 1 UCD Hydraulies Lab 3 5 $376,600 [3 $376,600
2_Task 2 UCD Fish Physiolegy 514,701 514,701
3.CBFG 145,520 145520
4
5. $C 30 $1,036,321 80 $1,.038321

Totals

Gl
GRANT PROGRAM, FUNCTION OR ACTIVITY

6. Object Class Categories @ 7 &) @ TE;!?I
a. Personnel $205,071 $244,414 $98,930 $ $548 415
b. Fringe Benefits 34,858 52,496 15,220 102,574
c. Travsl o 10,000 400 10,400
d. Equipment o 10,000 2,000 12,000
e. Supplies 11,568 36,000 5,300 52 868
f. Contractual ¢ 0 2,500 2,500
g. Construction 0 0 o 0
‘h. Other 9,414 4,725 ) 14,130
i. Total Direct Charges {sum of Sa-Eh} 280,211 386,172 124,350 741,433
i. Indirect Charges 115,684 157,066 21,080 293,540

$376,600 5514,701 $145,520 S $1,038,821

k. TOTALS {sum of 6i and 6j)

7. Pregram Income

Previous Edition Usabie

Authorized for Local Reproduction

Standard Fotrn 424A (Rev. 4-92)

Prescribed by OMEB Circular A-102
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UNIVERSITY OF CALIFORNIA, DAVIS

BERKELEY + DAVIS = IRVINE + LOS ANGELES » RIVERSIIN » 5AN DMEGO » SAN FRANCISCO

SANTA BARBARA, = SANTA CRUZ

COLLEGE OF AGRICULTURAL AND DEPARTMENT OF WILDLIFE, FISH AND COMSERVA]
ENVIRONMENTAL SCIENCES ONE SHIELDS AVENUE ATIONBIOLOGY

AGRICULTURAL, EXPERIMENT STATION DAVIS, CALIFORMIA 93616-8751
COOPERATIVE EXTENSICN FAX (330) 752-4154

April 14, 1999

Yolo County Board of Supervisors

625 Court

Woodland, CA 95695-3448

Dear Str or Madam,

This letter to inform you that [ bave submitted a proposal entitled “Fish Treadmill-Develaped Fish
Screen Criteria for Native Sacramento-San Joaguin Watershed Fishes” to the CALFED:
Ecosystem Restoration Program. The work described in the proposal will be conducted at the
University of California, Davis, in Yolo County.

Sincerely,

(el Nl

Joseph J. Cech, Jr.
Professor

ce: CALFED Bay/Delta Program

Il —013198
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UMIVERSITY OF CALIFQRNIA, DAVIS

BERKELFEY + DAVIS - IRVINE + LOS ANGELES + RIVERSIDE » SAN DIEGO » SAN FRANCISCO

SANTA BARBARA + SANTA CRUZ

COLLEGE QF AGRICULTURAL AND - DEPARTMENT OF WILDLITE, FISH AND CONSERVATION BIOLOGY
ENVIRONMENTAL SCIENCES ONE SHIELDS AVENUE

AOQRICULTURAL EXPERIMENT STATION " DAVIS, CALIFORNIA 95616-8751
COOPERATIVE EXTENSION . TAX (530) 7524154

April 14, 1999

Yolo County Planning Department

292 W. Beamer
Woodland, CA 35695

Dear Sir or Madam, _

This letter to inform you that T bave submitted a proposal entitled “Fish Treadmill-Developed Fish
Screen Criteria for Native Sacramento-San Joaquin Watershed Fishes” to the CALFED
Ecosystem Restoration Program. The work described in the proposal will be conducted at the
University of California, _Davis, in Yolo County.

Sincerely,

ﬂ@u\?L (\».C\an(,\ S

Joseph §. Cech, Jr.
Professor

cc: CALFED Bay/Delta Program

| —0131909
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